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Analysis of cell-free DNA (cfDNA) provides a rapid, repeatable, and non-
invasive window into tumor biology, yet tissue biopsies are still often 
needed for accurate phenotyping and treatment guidance. A liquid biopsy 
approach that captures both genomic alterations and expression-like 
features could strengthen patient monitoring and lessen biopsy reliance. 
Here, we integrate a custom hybrid-capture panel targeting gene 
regulatory regions with a comprehensive genomic profiling (CGP) panel 
into a single cfDNA sequencing assay. Our bioinformatic pipeline 
calculates variant allele frequencies (VAF) and extracts fragmentomic 
features that reproducibly correlate with gene expression, enabling non-
invasive tumor phenotyping.

Plasma samples from n = 42 breast cancer patients and n = 38 lung 
adenocarcinoma patients were collected and analyzed. 

CGP: Hyb capture Twist CGP panel 562 genes (2.4 Mb)
GenomicsNext: CRRs and Promoters of 2,704 genes (2.44 Mb)

sequenced at ~15,000x depth

n = 80
n = 80

Fastq files were processed through the ExpressCT fragmentomics Pipeline and variant 
allele frequencies were calculated in parallel to the ExpressCT pipeline.

CGP panel Performance
Breast vs Lung; n = 80 Breast ER+ vs ER-; n = 42 Breast PR+ vs PR-; n = 42
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Breast vs Lung; n = 80 Breast ER+ vs ER-; n = 42 Breast PR+ vs PR-; n = 42

Combined Performance
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LUAD BRCA LUAD BRCA

Train n = 53; p = 2.2e-15 Train n = 27; p = 0.0047
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Train AUC = 1
Test AUC = 0.81

Train AUC = 1
Test AUC = 0.94

Train AUC = 1
Test AUC = 0.96

Train AUC = 1
Test AUC = 0.91

Train AUC = 1
Test AUC = 0.82

Train AUC = 1
Test AUC = 0.82

Train AUC = 1
Test AUC = 0.89
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Breast ER+ vs ER-; n = 42
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Breast PR+ vs PR-; n = 42
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ER

n = 42 cfDNA breast cancer samples
Fragmentomics of ER signature features

n = 120 TCGA breast cancer samples
RNA-seq of ER signature genes

ERER

ER

Positive

Negative

▪ Samples were split into train and test sets for each model and cross validation feature selection 
was performed; all features mapping to ChrX were excluded in Lung vs BRCA classifier.

▪ Classifier models were trained using features from the CGP only, the GenomicsNext panel only, 
and using features from both the CGP panel and GenomicsNext panel.
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• Each model assigns a signature score that lies 
on a continuum and represents the strength of 
the call for a given subtype. 

• ER and PR Models trained us CGP panel features only were 
highly accurate with an AUC of 0.94 and 0.96, respectively

• The Breast vs Lung model trained using the GN panel features was more 
accurate than the CGP model; ER and PR GN models were less accurate

• Models trained using both CGP and GN features had the highest performance
• Individual features selected in the ER model exhibited a comparable signal profile to 

tumor gene expression in a separate BC cohort (right heatmaps)

• The GenomicsNext assay combined with the ExpressCTTM 
technology enables gene expression quantitation and DNA 
alterations from a single sample.

• Data support accurate tumor type classification (breast vs 
lung) and clinically relevant breast cancer subtyping (ER, PR).

• Performance is comparable using standard CGP panel regions 
or custom regulatory region panels – and strongest when 
combined.

• These results demonstrate a scalable path to adding 
expression-based biomarkers to existing liquid biopsy 
workflows.

• n = 28 BRCA have specific 
tumor VAFs

• n= 23 cfDNA of these 28 
had detectable and 
common variants

Pie charts of detect mutations in cfDNA vs FFPE show 
similar proportion of mutations. Deeper sequencing of 
cfDNA is expected to improve detectionTable 1: Number of alterations detected in cfDNA and FFPE tumor by sample. Ratio mean is VAF-

calculated tumor fraction. Cf:tumor variants is the ratio of detected mutations in cfDNA vs FFPE tumor
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